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(g) A process for the preparation of a multi-stage polymer. 

(57) Multi-stage polymer process and composition having an alkali-insoluble emulsion polymer and an 
alkali-soluble polymer are produced by a two-stage sequential emulsion polymerization process. When 
the multi-stage polymers of this invention are utilized as cement modifiers, improvements in cement 
mortar physical properties are realized. 
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This invention relates to a process for. the preparation of a multi-stage polymer. In particular the present 
invention relates to multi-stage polymers produced by a two-stage aqueous emulsion polymerization process. 

It is known that multi-stage emulsion polymers made significant improvements oyer previous mixtures and 
blends such as described in U.S. Patent No. 4,916,171. By polymerizing one component in the presence of 
5 another to form a multi-stage polymer, improvements in stability, rheology and water resistance were realized, 
it is sti!! further known that the addition of an acrylic polymer into cement mixtures improves mortar prop- 
erties such as strength and adhesion of the mortar to a variety of substrates such as cement wood and poly- 
styrene foam. However, while the addition of multi-stage emulsion polymers have made some improvement 
in strength and adhesion properties, further improvements are required. 
10 General physical properties such as strength and adhesion of the mortar or modified cementitious material 

generally coincides with the polymer stiffness, the glass transition temperature (Tg) and the minimum film 
forming temperature (MFFT). Generally, the higher the Tg and MFFT of the polymer used in cement mixtures, 
the greater the strength and adhesion of modified mixtures (Ohama, et al., ACI Materials Journal . vol. 88, pp. 
56-61 (1991)). MFFT is the temperature at which a latex polymer forms a continuous film. However, the dis- 
15 advantage in employing a high Tg polymer as the modifier is the need for higher curing temperatures. A higher 
curing polymer is not a concern where elevated curing temperatures for the most part are obtainable. However, 
the need for higher curing temperatures significantly limits the use of high Tg polymers as modifiers during 
the autumn or early winter periods of the year. Lower ambient temperatures during these periods significantly 
limits the use of high Tg polymers. On the other hand, lower Tg latex polymers may be otherwise preferred 
20 since shorter curing times and lower curing temperatures make their use practicable during the winter and fall 
when ambient temperatures are lower. 

Another inherent problem with the use of lower Tg polymers is the loss of strength and adhesion of the 
polymer-modified material. Therefore, what is required is a latex polymer that may be useful as a modifier for 
cementitious material well into the fall and early winter when ambient temperatures are generally cooler. The 
25 use of lower Tg polymers at lower temperatures must be obtained without adversely effecting strength and 
adhesion of the modified material. 

Two- stage emulsion polymers are known to exist in many morphological forms which are determined by 
many factors including the relative hydrophilicity, miscibility and molecular weights of the first and second stage 
polymers. So-called "core-shell" polymers are formed when the second stage polymers form a "shell" or coating 
30 around a discrete domain or "core" of the first-stage polymer. Examples of such core-shell polymers are dis- 
closed in U.S. Patent No 4,916,171. Also, U.S- Patent No- 4,876,313 discloses the use of polyfunctional com- 
pounds to chemically graft or bond the shell to the core in order to improve the resulting film's properties such 
as stability, water resistance and rheology. 

"Inverse core-shell" emulsion polymers such as disclosed in U.S. Patent No. 4,876,313 are also known. 
35 inverse core-shell polymers are those where the second stage polymer becomes the core and is surrounded 
by the shell which is made as the first stage polymer. These inverse compositions can be formed when the 
first stage polymer is more hydrophilic than the second stage monomer (Lee and Ishikawa, "The Formation 
of Inverted Core-Shell Lattices", J. Polymer Science , vol. 21, pp 147-154 (1983)). 

While multi-stage polymers have made significant improvements in such polymer properties such as chem- 
40 ical and water resistance, stability and rheology, additional improvements are required. Therefore, in order for 
the multi-stage polymers to be especially useful in cementitious formulations, it must be compatible with ce- 
ment, it must possess bulk mortar curing capability without significantly retarding the curing process, and it 
must demonstrate excellent strength and adhesion to a variety of substrates while being useful at lower ambient 
curing temperatures. 

45 The present invention seeks to overcome the aforementioned problems. 

According to a first aspect of the present invention there is provided a process for preparing a multi-stage 
polymer comprising a) forming in a first stage a mixture of monomers comprising from about 90 to about 100 
percent of an alkyl acrylate ormethacrylate and from about 0 to 10 percent of a carboxylicacid, b) polymerizing 
the mixture to form the insoluble polymer, c) forming in a second stage a mixture of monomers comprising 

so from about 40 to 80 percent of an alkyl acrylate or methacrylate and from about 5 to 60 percent of a carboxylic 
acid and from about 5 to 60 percent of a hydroxyalky! ester of a carboxylic acid, d) adding the second-stage 
monomers mixture to the polymerized first stage monomers, and e) polymerizing the second stage monomers 
to form a soluble polymer. 

According to a second aspect of the present invention there is provided a process for modifying cemen- 
55 titious materials comprising admixing an effective amount of the multi-stage polymer prepared by a process 
according to the first aspect of the present invention. 

The multi-stage polymers of the present invention are particularly useful as modifiers for cementitious ma- 
terials. The multi-stage polymers of this invention have excellent physical properties and, when used as a ce- 
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ment modifier, provide strength and adhesion to a variety of substrates while maintaining other properties such 
as tensile, flexural and compressive strength of the modified cement. 

Preferably the weight ratio of the insoluble polymer to the soluble polymer is from about 90:10 to about 
99:1, preferably from about 94:6 to about 96:4. 
5 Preferably, the insoluble polymer has an average of molecular weight of greater than about 100,000 and 

the soluble polymer has an average molecular weight of about 2,500 to about 12,000 as determined by gei 
permeation chromatography. 

Preferably the Tg of the soluble polymer is greater than 30°C and the To of the insoluble is from about - 
45°C to about 30°C and has a minimum film forming temperature of from about 0°C to about 30°C. 
10 Preferably the mixture of monomers comprising the soluble and the insoluble polymer is selected from the 
group consisting of methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate, methyl 
methacrylate, ethyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl metha- 
cryiate, butyl acrylate, acrylonitrile, acrylic acid, methacrylic acid, itaconic acid, maieic acid, fumaric acid, ac- 
rylic anhydride, methacrylic anhydride, methylolated acrylamide and methylolated methacrylamide, metha- 
15 crylamide, acrylamide, divinyl benzene, half esters of maieic, itaconic anhydride, fumaric anhydride, styrene, 
substituted styrene, vinyl acetate and other C r C 12 alkyl acrylates and methacrylates 

Preferably the mixture of monomers comprising the soluble polymer are from about 50 to about 90 percent 
of an alkyl acrylate or methacrylate and from about 5 to about 25 percent of a carboxylic acid and from about 
5 to about 25 percent of a hydroxyalkyi ester of a carboxylic acid, based on the weight of the soluble polymer. 
20 Preferably the misture of monomers comprising the soluble polymer are met hyl methacrylate, methacrylic 

acid, and hydroxyethyl methacrylate. 

Preferably the mixture of monomers comprising the insoluble polymer are from about 90 to about 100 per- 
cent of an alkyl acrylate or methacrylate and from about 0 to 10 percent of a carboxylic acid. 

Preferably the mixture of monomers comprising the insoluble polymer are butyl acrylate and methyime- 
25 thacrylate, and methacrylic acid. 

Preferably the multi-stage polymer produced comprises an alkali-insoluble emulsion polymer and an alkali- 
soluble polymer and the insoluble and the soluble polymers are prepared sequentially by an emulsion poly- 
merization process. 

In our evaluation of multi-stage polymers as modifiers for cementitious materials, we found that composi- 
30 tional modification of the ionically-soluble polymer and the method for preparing the same provides an emul- 
sion modifierfor cementitious materials that cures at lower temperatures, while the strength and adhesion prop- 
erties of the modif ied material is uncompromised. Also, the lower curing temperature is obtained without other 
properties of the polymer-modified material, such as, tensile strength being adversely effected. 

The current invention therefore discloses a novel multi-stage emulsion polymer produced by a sequential 
35 emulsion polymerization process that when used as a cement modifier improves physical properties, such as 
strength and adhesion, while other properties such as tensile, flexural and compressive strength of the cement 
are maintained. 

The present invention therefore provides novel multi-stage emulsion polymers and a process for prepanng 
the same that when employed in cooler ambient temperatures are compatible with cementitious materials, al- 

40 lows bulk mortar curing, and has excellent strength and toughness while adhering to a variety of substrates. 

As used herein, the term "stage" refers to the polymer formed during each sequence of polymerization. 
Each stage is also defined as being different from the immediate preceding and/or immediate subsequent stage 
by a difference of at least 0.1% by weight in monomer composition. The multi-stage polymers may be prepared 
by a variety of processes such as suspension, emulsion and dispersion polymerization. Preferably, the multi- 

45 stage polymers of this invention are prepared by emulsion polymerization. 

The present invention therefore provides a composition having an alkaliinsoluble emulsion polymer stage 
and an alkali-soluble emulsion polymer stage. The multi-stage polymers of the present invention are prepared 
in a two-stage sequential emulsion polymerization process by forming in a first-stage a mixture of monomers, 
polymerizing the mixture of monomers to form an insoluble emulsion polymer, forming in a second stage a mix- 

50 ture of monomers having acid and hydroxy functionality, adding the second stage monomer mixture to the poly- 
merized first stage monomers and polymerizing the second stage monomers to form an alkali- soluble emulsion 
polymer. 

The multi-stage polymers of the present invention are particularly useful for improving the physical prop- 
erties of cementitious materials. 
55 This invention relates to multi-stage polymers produced by a two-stage aqueous emulsion polymerization 

process and their subsequent use as a modifier for cementitious materials. By utilizing the process of this in- 
vention, a multi-stage polymer product is produced where the multi-stage polymers have an aqueous-insoluble 
polymer and an alkali-soluble polymer. It is the attachment or association between the alkali-insoluble polymer 
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and the alkali?nh;ble polymer after dissolving the alkali- « 'oble polymer which is believed to provide stability 
to the multk- polymer and physical pre : sriies to ,iymer-modif ied cementitious mixtures that were 

previously ur 2ed. , . 

Typically ";ere are two techniques for preparing th« ulti-stage polymers of this invention. Technique (I) 
provides: forming a first stage mixture of monomers having an alkyl acrylate or methacrylate, styrene or sub- 
stituted styrene and a hydroxyalkyl ester of a carboxylic acid or acryiamide or methacrylamide, methylolated 
acrylamide or methylolated methacrylamide, polymerizing the mixture to form the alkali-insoluble emulsion 
poFvmYr forming a second stage mixture of monomers having a carboxylic acid or anhydride in an alkyl acrylate 
or an alkyl methacrylate or styrene or substituted styrene. acrylamide or methacrylate or hydroxyalkylester of 
a carboxylic acid, adding the second stage monomer mixtures to the polymerized first stage monomers and 
polymerizing the second stage monomers to form an alkalisoluble emulsion polymer. 

In an alternate variation of the current invention. Technique (II) provides emulsion polymerization of a first 
stage mixture of monomers having a carboxylic acid or anhydride and an alkyl acrylate or alkyl methacrylate 
or styrene or substituted styrene, acrylamide or methacrylate or hydroxyalkyl ester of a carboxylic acid, poly- 
merizing the first stage monomer mixture to form an alkalisoluble emulsion polymer, forming a second stage 
mixture of monomers having an alkyl acrylate or methacrylate, styrene or substituted styrene and a hydrox- 
- yalkyl ester of a carboxylic acid or alkyl anhydride or methacrylamide, methylolated acrylamide or methacry- 
lamide adding the second stage monomer mixture to the polymerized first stage monomers and polymerizing 
the second stage monomers to form an alkali-insoluble multi-stage polymer. Technique II is the inverse poly- 
20 merization process. 

Two general aspects of the multi-stage polymers of the current invention are as follows. One is the poly- 
merization process used to produced the multi-stage polymers, while the other involves the compositional mod- 
ification of the ionically-soluble emulsion polymer. We have unexpectedly found that when the soluble emulsion 
polymer is compositionally modified using a low Tg polymer and is polymerized by a two-stage sequential emul- 

25 sion polymerization process and finally used as a cementitious modifier, the modified material cures at a lower 
temperature without degradation of the strength and adhesion of the polymer-modified material. More specif- 
ically we have found that by modifying the ionically-soluble polymer using hydroxy ethyl methacrylate (HEMA) 
lower curing temperatures of the modified material are obtainable. When HEMA was used in the ionically-solu- 
ble polymerata minimum concentration level of about at least 5 percent, strength and adhesion of the polymer- 

30 modified material was not degraded when the modified material was cured at lower ambient temperatures 

We also found that a two-stage sequential emulsion pulymerization process using the composibonally 
modified soluble polymer produced a multi-stage polymer that when employed as a cement modifier demon- 
strated compressive strength and adhesion, while maintaining the tensile strength of the modified cementitious 
material. The multi-stage polymers of this invention are preferably useful in cement compositions as emulsion 

35 POl ^tebte t monofunctional monomers for the preparation of the insoluble and the soluble polymers of the 
present invention are selected from the group consisting of methyl acrylate. ethyl acrylate, butyl acrylate, 2- 
ethylhexyl acrylate. decyl acrylate. methyl methacrylate, ethyl methacrylate, hydroxyetnyl methacrylate, hy- 
droxypropyl acrylate, hydroxypropyl methacrylate. acrylonitrile. acrylic acid, methacrylic acid, itaconic ac4 

40 maleicacid fumaricacid, acryiicanhydride.methawylicanhydride.rnethylolatedacrylamideandmethylolated 
methacrylamide, methacrylamide, acrylamide. divinyl benzene, half esters of maleic acid, itaconic acid, fuma- 
ric acid, styrene, substituted styrene, vinyl acetate and other C,-C 12 alkyl acrylates and methacrylates and 

^ The weight ratio of the insoluble polymer to the soluble polymer is preferably 90:10 to about 99:1. more 
45 preferably from about 92:8 to about 98:2. and most preferably from about 94:6 to about 96:4. Preferably, the 
insoluble polymer has a weight average molecular weight greater than about 1 00.000 and the soluble polymer 
has a molecular weight from about 2.500 to about 12,000 as determined by aqueous gel permeation chroma- 
tography on the hydrolyzed sample. Preferably, the glass transition temperature (Tg). calculated and deter- 
mined by the "Fox Equation", of the insoluble polymer is from about -45°C to about 30°C and the Tg of the 
so soluble polymer is greater than about 30°C. 

The insoluble polymer referred to hereinafter as the "first stage" is formed from a mixture of monomers 
having from about 90 to about 100 percent of alkyl acrylates or methacrylates and from about 0 to 10 percent 
of a carboxylic acid. Preferred levels are about 97 percent to about 100 percent of alkyl acrylates or metha- 
crylates and from about 0 percent to about 3 percent of a carboxyiic acid, based on the weight of the insoluble 
polymer. It should be noted that the insoluble polymer must have less than 1 0 percent by weight of monomers 
having alkali solubility such that it is insoluble in alkali. 

Suitable monomers for use in preparing the soluble polymer of this invention includes those listed above 
for the preparation of the first stage. However, it is critical to the preparation of the multi-stage polymers of 
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this invention that higher levels of acid-containing monomers are used ,n the soluble polymer than .n the f.rst 
slaU polymer in order to induce alkali solubility. The soluble polymer hereafter referred to as the "second 
K tan* from a mixture of monomers having from about 40 percent to about 80 percent of an a.kyl 
acrviateor methacrylate and from about 5 percent to about 60 percent of a carboxylic acid and from about 5 
pSSto about SO percent of a hydroxy ester of a carboxylic acid. Preferred levels of hydroxy ester of a car- 
ta^ c acid is from about 5 percent to about 30 percent by weight of the shell , he most preferred level _ or 
hvdroxv ester of a carboxylic acid is 15 percent Preferred levels of aad-conta.n.ng monomers for the soluble 
Cer nangetm .taut 5 percent to about 30 percent by weight of the soluble polymer. The most preferred 
ac ^containing monomers for use in preparing the second stage polymer « . methacryhc acid(MAA). The most 
Ser^eo" hydroxyesterof a carboxylic acid is hydroxylethyl methacrylate. Anhydndes. such as methacryhc 
hTdSe, maleic anhydride, itaconic anhydride, and the like, may be use in placeof the acid-conta-mng , monc- 
nS in the soluble polymer. Preferably, the second stage polymer has about 40 percent to about 80 percent 
byweightmethyl methacrylate. The soluble polymer preferably has a we,ght average molecular we.ght of about 
2 500 to about 12,000 as defined and determined by gel permeation chromatography. 
' Polyfunctions compounds having two or more sites of unsaturation, two or more^ «*^^« <» 
or more sites of unsaturation and one or more abstractable atoms, such as descnbed .n U.S. Pat No. 4.876 31 3, 
Z aTso ta used in thfe invention to chemically graft the insoluble polymers to the soluble polymere of the 
Son which, by this reference, is herein incorporated. Compounds such as glyc.dyl-conta.mng vmyi mono- 
m e randvinylisocyanates,andthelike,describedinU.S.PatNo.4,565,839,aren^ 

compoundTforthSnventionb^^^ 

' TESESffE^ polymers of this invention may be neutralfced with any kind of has. 
Bases that are particularly useful in neutralization of the second stage polymer are selected from the group 
LnsTsbng of ammonia, triethylamine, monoethanolamine, dimethylaminoethanol, sod.um hydrox.de and ca^ 
dum hydroxide and all other Group .A and HA hydroxides and the .ike. Based on equ,va,ents of acri m the 
soluble polymer. 0.8 to about 1.5 equivalents of base are added to the second polymer, and more preferably 
abLu 0? Hbout 1.1 equivalents of base are added to neutralize and partially dissolve the soluble polymer 
so as to form a neutralized but insoluble polymer and an aqueous solution of neutralized soluble polymen h s 
also possible to use multi-stage polymers of this invention without neutral.zat.on when the cement,t.ous m*- 

30 te %h^eco7d'^gepo.ymer may contain any chain-transfer agent or mixtures thereof to control molecular 
weiohfof the second stage polymer. Common transfer agents, or mixtures thereof, known in the art such as 
7m menLp^ns are employedto control molecular weight preferably Cl -C 6 alky, and alkytoxy mercaptans. 
and the like at levels of about 0.1 percent to about 10 percent by weight. 

Adjuvants useful in the preparation of the multi-staged polymer binder and/or .n.ts subsequent use and 
which may be added during or subsequent to the polymerization reaction may .nclude aux, hary surfactonts; 
defoamers such as, for example, SURFYNOt 104E and Nopco NX2 used at a '.eve! from about 0.001 % to about 
0 1% by weight based on the weight of the monomer mbcture; .eve.ling agents such as, fo. - example Sag® 
saioone Antrfoam 47 used at a level from about 0.001% to about 0.1%. by weight based on the we.ght o the 
antioxidants such as. for example, diethylhydroxylamine and IRGANOX 1010 used at a level 
ZXut0.001%toabout 5%. by weight based onthe weight ^^S^S^StS. 
for example. FLEXOL® plasticizer. and preservatives such as. for example. KATHON® and PROXEt® GXL 

The mXlteg^^Trs of this invention are particularly useful as modifiers for cement mortars. By ad- 
mixing thTmulfnstage polymers made by the process of this invention with cemenfhous composer*, supenor 
physical properties and performance characteristics are realized. 

The present invention will now be described by way of example only. 
In the following Examples all quantities were in grams unless otherw.se noted 
In the following Examples reference shall be made to the following test procedures. 
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1. Compressive Strength 

To measure compressive strength, 5.08 err, (2 inch) cube specimens were cast and conditioned under spe- 
cified conditions, eg.. 7 days in a constant 23.9°C (75°F) temperature, constant 50% hum.d.ty room (7D) or 
^ condition followed by 7 days under water in a pail (7D & 7W). After conditioning, a spec.men was placed 
T^SSZ^ Tester in a compression mode according to ASTM C-109-73 specifications and a 
load was applied at a uniform rate until failure occurred. 
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2. Shearbond 

To measure the adhesion properties of cement mortars, a test developed in our laboratories was used. 
Two 5.08 cm X 5.08 cm X 1.27 cm (2 inch X 2 inch X 0.5 inch) polymer modified mortar patches were cast 
5 onto a 15.24 cm X 10.16 cm X 2.54 cm (6 inch X 4 inch X 1 inch) cured unmodified concrete base piece. After 
curing in our constant temperature, consiani humidity room, the samples were mounted on a test machine, 
and a shearing ioad was piaced on the 5.08 cm X 1 .27 cm (2 inch X 0.5 inch) face at a steady rate until failure 
occurred. The shear bond adhesion strength was calculated by dividing the load at failure by the interfacial 
area of the patch (10.16 square cm (4 square inches)). 

10 

3. Tensile Strength 

Briquette (dogbone shaped) specimens were cast in brass molds and conditioned in our constant temper- 
ature, constant humidity room. After conditioning, tensile strength was measured on the Tlnius-Olsen tester 
15 according to ASTM C-1 90-72 specifications. 

4. Minimum Film Formation Temperature (MFFT) 

The minimum film formation temperature is the temperature above which a polymer latex forms a contin- 
20 uous film. The MFFT was measured by equipment described by Protzman and Brown (J. Appl. Polymer ScL, 
481 (1960)). The apparatus essentially was an aluminumslab in which a constant uniform temperature gradient 
was maintained. A latex to be measured was spread uniformly in one of several sample channels. The tem- 
perature at which the film just becomes discontinuous when dry was recorded as the MFFT. 

25 Example 1 - Two-Stage Sequential Multi-stage Polymer Process 

A first stage monomer emulsion containing the following materials was prepared: 



Dl Water 503.4 

SLS 10.1 

30 Triton X-405 118.5 

butyl acryiate 945.7 
methyl methacryiate 688.6 

methacryiic acid 24.9 

Rinse Dl water 40.3 



Into a 5 liter, four neck, round-bottomed flask equipped with a stirrer, thermometer and reflux condenser 
was charged 1006.4 of Dl (deionized) water which was then heated to 83-86°C in a nitrogen atmosphere. Con- 
currently, a ccfeed solution of 1.66 of ammonium persulfate in 83.0 Dl water was prepared. 

With the kettle water at 83-86°C, the following materials were charged to the kettle: 



40 


Ammonium persulfate/DI H 2 0 


5.8/19.9 




Acrylic polymer (an acrylic latex at 41% solids) 


67.6 




Rinse Dl water 


20 



Immediately after these charges, the first-stage monomer emulsion and the cofeed catalyst solution were 
added over a 180 minute period. A kettle temperature of 81-84°C was maintained by cooling as required. 

When the monomer emulsion (including the 40.3 g. water rinse) and cofeed catalystfeeds were completed, 
the batch was held at temperature for about 30 minutes and then allowed to cool slowly to 65°C. 

The following solutions were then added: 1 .0 g. of 70% aqueous t-butyl hydroperoxide in 10.1 g. Dl water, 
1.3 g. of a 1% solution of FeS0 4 .7 H 2 0, and 0.7 g. SSF in 15.1 g. Dl water. 

About 1 5 minutes later, still at >60°C, 1.0 g. of 70% aqueous t-butyi hydroperoxide in 10.1 g. Dl water and 
0.7 g. SSF in 15.1 g. Dl water were added. 

A second stage monomer emulsion (ME #2) was prepared as follows: 
Dl Water 43.7 
CO-436 6.0 
Triton X-405 6.2 
Methyi Methacryiate 61 .1 
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Met hacryfic Acid 13.1 

Hydroxyethy! Methacrylate 13.1 

3-Mercaptopropionic acid 1.7 

Rinse H 2 0 13.1 
5 At 60°C, the second stage monomer emulsion was charged to the kettle containing the first stage latex 

and aiiowed to stir for 15-20 minutes. To this mixture was added 1.73 g. t-BHP in 10.0 Dl water, and 1.18 g. 

SSF.in 26.2 g. Dl water. An exotherm began wjthin five'minuies and Increased the temperature by 1-2°C over 

5-10 minutes. Fifteen minutes after reaching the peak temperature, 1.73 g. t-BHP in 10.0 g. Dl water and 1.18 

g. SSF in 26.2 g. Dl water were added. The latex was then cooled to <50°C and 5.2 g. sodium citrate in 26.6 
10 g. Dl water and 17.5 g. ethylene glycol were added. Then, 139.7 g. Dl water was added. The completed latex 

was allowed to cool to ambient temperature and was filtered yielding a product with 47.0% solids, pH 2.9, Bl- 

90 particle size 259 nm and Brookfield viscosity of 17 cps. 

Example 2 - Modification of Soluble Polymer in Example 1 Process 

15 

In this example, the second stage- monomer emulsion was kept the same as in Example 1 except for 
changes in the methyl methyl a cryiate, methacrylic acid and hydroxyethy! methacrylate ratios to give second 
stages of: 

(A) 60 MMA / 15 MAA / 25 HEM A 
20 (B) 60 MMA / 25 MAA / 15 HEMA 

In addition, in another example methyl methacrylate was partially replaced by butyl acrylate to give 
a second stage of composition: 
(C) 35 BA/35 MMA/1 5 MAA/1 5 HEMA 

25 Example 3 - Two-Stage Polymer Use in Portland Cement Modification 

To a 3 sand/1 Portland Cement Type 1 blend sufficient latexes from Examples 1 and 2 were added to give 
a dry polymer to cement ratio of 0.1 0. Water and defoamer (Nopco NX2) were added to give a water to cement 
ratio of 0.40 and a defoamer to cement ratio of 0.005. Using a Hobart mixer, a wet mortar of a density of 2.0 
30 was made and from this mortar were cast 5.08 cm (2 inch) mortar cubes for testing compression strength ac- 
cording to ASTM C-1 09-73, two 2 cm X 5.08 cm X 5.08 cm (0.8 X 2 X 2 inch) patches on concrete for testing 
shear bond adhesion, and briquette specimens for testing tensile strength according to ASTM C-1 90-72. 

Excellent properties were obtained with latexes from Exaamples 1 and 2 (see Table 1). For comparison 
purposes, Table 1 includes a commercial all-acrylic copolymer latex that does not have second stage polymer. 
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Table 1 

Effect of Soluble Polymer Te and Functional Monomer Level on Mortar 
Performance 

Compression 

Examples Strength (psi) Shear Bond (psi) Tensile Strength (psi) 

X 0.000145 Nrru 2 X 0.000145 Nm i2 X 0.000145 Niru Z 

7Dry & 7Dry & 7Dry & 





7D 


14D 


7W 


7D 


14D 


7W 


7D 


14D 


7W 


Example 2A' 


3600. 


5200 


3900 


580 


390 


440 


590 


720 


360 


Example 2B1 


3800 


5400 


4200 


340 


420 


250 


670 


940 


500 


Example V 


3700 


5100 


3800 


630 


740 


490 


710 


800 


580 


Example 20 


3700 


5100 


3400 


470 


570 


360 


630 


880 


610 


Comp. Acrylic 


3000 


4400 


3000 


520 


670 


260 


600 


770 


450 



Copolymer 

Footnote: (1) composition of 5% soluble polymer (all have 95% core of 57BA 41.5 
MMA/1.5 MA A); 

- Example 2A1- 60 MMA/15 MAA/25 HEMA; Example 2B1-60 MMA/25 
MAA/15 HEMA; 

- Example 11-70 MMA/15 MAA/15 HEMA; Example 20 35 BA/35 
MMA/15 HEMA/ 15 MAA. 

The MFFTs of these latexes as measured by equipment described by Protzman and Brown (J. Appl. Poly- 
mer Sci. 4, 81 (1960) are given in Table 2. 

Table 2 



MFFTs of Latexes Used In Table 1 


LATEX 


MFFT (°C) 


Example 2 (A) 


12 


Example 2 (B) 


10 


Example 1 


9 


Example 2 (C) 


2 


Comparative Acrylic Copolymer 


15 



Although Example 1 had a lower MFFT than the comparative commercial acrylic copolymer cement modi- 
fier (9 versus 15°C, Table 2) allowing it to be used at lower curing temperatures, Example 1 gave better adhesion 
to old cement (shearbond adhesion, Table 1) and strength (tensile strength, Table 1) as well as better com- 
pressive strength than the commercial latex. 

8 
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To demonstrate the performance of multi-stage polymers of this invention at lower ambient temperatures, 
sam « cured for 7 days in a refrigerator at 40<F (4.4'C). i.e. well below the MFFT of he commerce, 
acryfi copolymer and slightly below the MFFT of Example 1. The results obtamed are g.ven in Table 3. 



Table 3 



^ Dependence of Cement Mortar Properties on Cure Temperature 


i 


Shearbonds (psi) X 0.000145 Nmr 2 


Tensile Strength (ps 


i) X 0.000145 Nrrr 2 


Examples 


70°F 


40°F 


70°F 


40°F 


Example 1 

Comparative 
Acrylic Copoly- 
mer 


560 
525 


270 
185 

[40°F = 4.44 °C and 7( 


700 
620 

D°F = 21.1°C] 


560 
485 



15 



20 



Lowering 
it did for Example 1 



the cure temperature degraded the adhesion and strength of the commercial acrylic more than 



25 



30 



35 



40 



Example 4 

Example 1 was repeated except that ME #1 contained 60.7% buty) acrylate 37^8% ^ h ^J^S 
andltihacryiic acid. That initial copolymer was designated the core and f f^'^ J^gg 
Zs addedan alkalisoluble resin of the same composition as ME #2 .n Example 1, ..e., 70 MMA/15 MAA/15HE 

^S^S^ultKstage soluble and insolubie polymer ^^^^0 7^' 
Example 4D was the copolymerized uniform composition 57.7 BA/39.4 MMA/2.8 MAA/0.75 HEMA 
fSSulf obtained when acement mortar was made employing the above examples are gi ven ,n Jabte 



4. 



Table 4 



Effect of Method of Polymerization on Mortar Performance 




Example 


Polymerization 
Mode 


Compression Strength 
(psi, 24 nr.) 


Shearbon (psi, 7 Day) 


Tensile Strength (psi, 
7 Day) 






X 0.000145 Nnr 2 


X 0.000145 Nnr 2 


. X 0.000145 Nrrr 2 


4A 


Insoluble Polymer 


1365 


470 


600 


4B 


InsolubleS ASR 
(Blend) 


1315 


490 


630 


4C 


Insoluble-Soiu- 
biePoly 


2150 


595 


740 


4D 


Copolymerized 


1545 


455 


550 



45 



50 



in all instances, the method of polymerization used in Example 1 . i.e., 4C gave improved P^rm™ j" 
common strength, shearbond adhesion and tensile strength over like composes prepared by another 



55 



15 



20 



40 



45 



50 
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Table 5 



' Effect of Absence of HEM A in Solu ble Poly mer on Mortar Properties 

Polymerization Soluble Polymer- Shearbond 
Exanmle Mode Composition (psi r 14davs) 

5A Insoluble* None f*> 

5B Insoluble-Soluble Polymer 75 MMA/25 MAA 230 

■ When multi-stage polymers without HEMA were used as cementitious 
modifiers, shearbond adhesion was significantly less than for a similar 
composition having the ionically-soluble polymer composition incorporating 
HEMA. In Table 5, when the insoluble polymer was modified with a soluble 
polymer containing MAA only as the hydrophilic monomer, performance was 
25 not improved. 

Footnote: • Insoluble polymer Composition: 56.9 BA/39.7 MMA/1.9 VT/1.5 
MAA 

30 »* Weight % of soluble polymer: 5% based on core 

(Both polymers used in Table 5 were all neutralized by sodium 

hydroxide) 



Claims 



nprrpnt of a hvdroxyalkyl ester of a carboxyhc acid, 

SmWW rnonomers mixture to the polymerized first stage monomers, and 
e) polymerizing the second stage monomers to form a soluble polymer. 
, The ™,hod of Claim 1 wherein the weight ratio of the insoluble polymer to the solub.e polymer is from 
*" about 90:10 to about 99:1 , preferably from about 94:6 to about 9b:4. 

55 3 The method of Claim 1 or Claim 2 wherein the insolub.e polymer has an average of J 
greater than about 100,000 and the soluble po.ymer has an average molecular we.ght of about 2,500 
about 12,000 as determined by gel permeation chromatography. 

10 
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10 



15 



20 



25 



. « • *k 0 T fl nf th* soluble polymer is greater than 30°C and 
The method of any one of Claims 1 o 3 ^here.n the JJ-JJ^T minim film forming temperature 
the Tg of the insoluble is from about -45°C to about 30 o ano n<* 
of from about 0°C to about 30°C 

™, !me ^w^in the mixture of monomers comprising the soluble 
The method of any one of the preceding Cla.ms th ' Qr methacrylate and from about 5 to 

polymer are from about 50 to about 90 percent of an a.Ky, o ^ ^ ^ & 

about 25 percent of a carboxylic acid and from aDout o. to «»do u . a k 
carboxylic acid, based on the weight of the soluble polymer. 

1 0 percent of a carboxylic acid. 

are prepared sequentially by an emulsion polymerization process. 

. . .j-ivinn on pffective amount of the multi-sta- 

10 Aprocess for modifying cementitious materials com P r ' s,n ^^ g 
ge polymer prepared by a process according to any one of Claims 1 to 9. 



8. 
9. 



30 



35 



40 



45 



50 



55 



11 



■..HFwvirv -co 



0S55959A1_L> 



EF 0 555 955 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbe 

EP 93 30 0318 



Category 



P.X 



DOCUMENTS rCONSI-BERED-TO RE .MELEXANi 



EP-A-0 522 791 (ROHM AND HAAS COMPANY) 

* claims * 

* example 1 * 

* page 5, line 50 - page 6, line 16 * 

EP-A-0 348 565 (ROHM AND HAAS COMPANY) 

* claims * 

* page 3, line 32 - page 4, line 3 * 
& US-A-4 916 171 



Citation of document with indication, where appropriate, 
of rtfcvapt passages 



Relevant 
to dais? 



CLASSIFICATION OF THE 
APPLICATION (Int. CIS) 



1-10 



1-4,7-10 



C08F265/06 
C04B24/26 



TECHNICAL FIELDS 
SEARCHED (Int. CL5) 



The present search report has been c 



drawn np for all claims 



Place *f * 

THE HAGUE 



PA* «f oapktaa ef tan -sarca 

14 APRIL 1993 



C08F 
C04B 



PERSS0N E.K. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If takes alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying >^ 

E : earlier patent document, but published on, or 

D : document dted la the application 
L : document died for other reasons 

jTTnTenTber of the suae patent family, corresponding 
document 



12 



5NSDOCID: <EP. 



0555959A1_L> 



